Rationale: Penetrating brain injury caused by a welding electrode is a rare occurrence. This type of injury requires careful preoperative assessment and timely treatment measures to avoid secondary damage.
Introduction
Penetrating brain injury is common in modern life. [1] [2] [3] However, penetrating brain injury caused by a welding electrode is rare and has obvious characteristics. The welding electrode consists of a metal core (Fig. 1A , blue line) and a fuel coating (Fig. 1A , red line) (Fig. 1B, C) . It is also caused by low-energy motion. [4, 5] In recent years, the incidence of this type of injury has escalated; [6] thus, it is important for clinicians to understand this type of injury and address it in a timely manner. [7] Generally, a welding electrode can be successfully removed by surgery. However, if the preoperative examination shows that an important blood vessel or nerve is injured, the electrode should not be blindly removed. Careful preoperative preparations should be made because the risk of secondary brain injury is unacceptable. [4, 8] Therefore, this injury requires reasonable and timely treatment measures that avoid secondary damage. After we contacted the ethics committee of The First Hospital of Jilin University, ethical approval was not required for this case report article. Informed consent was obtained from the patient for the publication of this case report.
Case report
A 55-year-old male patient fell from a height of approximately 5 m on November 26, 2016. During the fall, due to other objects, the welding electrode in his left hand was inadvertently inserted into his brain. After the injury, there was bleeding at the location of foreign-body penetration. The patient reported dizziness and headache but no nausea, vomiting, bleeding from the ears or nose, poor physical activity or convulsions. The patient was admitted to the hospital 3 hours after the injury. The patient exhibited a normal body temperature, a Glasgow coma scale score of 15 points, clear consciousness and speech, and cooperation during the physical examination. The welding electrode was penetrating the brain from the outer sidewall of the left eye socket ( Fig. 2A) . Both pupils were equal and round, with a diameter of 3.0 mm, with direct and indirect light reflex intact. The muscle strength and muscular tension of the limbs were normal. Bilateral Babinski signs were not induced. The patient was given a preoperative test immediately after admission, as well as an intramuscular injection of tetanus antitoxin and an intravenous infusion of antibiotics. CT was performed and showed an object of metallic density penetrating the skull and entering the brain parenchyma in the frontotemporal region. The sagittal reconstruction of intracranial nerves and vessels was carried out according to the CT images of the head before operation, and whether the electrodes injured the intracranial nerves and vessels was determined. The results showed that there was no neurovascular injury. Accurate preoperative assessment. (Fig. 2B, C) . Surgical treatment was performed about 45 hours after injury due to family economic reasons. During the surgery, the metal (electrode) was observed to have passed through the skull wall from the bottom of the anterior cranial fossa, and the surrounding brain tissue was necrotic with hemorrhage ( Fig. 3A) . Fully exposing the metal foreign body after achieving hemostasis showed that it was slanted upward, reaching beneath the cerebral falx. After the welding electrode was cleared from the surrounding blood vessels, it was slowly pulled out from the outer corner of the eye, and no bleeding was observed (Fig. 3B ). The total length of the Medicine electrode is about 17 cm and the intracranial segment is about 7.2 cm (Fig. 3C, D) . The cranial wall was ruptured, and the cavity was repeatedly irrigated with 3% hydrogen chloride solution to completely stop the bleeding. Then, dura mater was closed tightly with tension-reduced sutures. The surgery was continued from this point by the ophthalmology department to complete the eye treatment. Postoperative head CT scans were reviewed (Fig. 4A, B) , anti-inflammatory treatment was administered, and the patient was closely monitored for cerebrospinal fluid leakage (no colorless fluid flowed through the nostril and external auditory canal) and fever. There were no complications during surgery, and the patient was administered broad-spectrum antibiotics and prophylaxis for seizures and tetanus. Postoperatively, the surgical site showed no signs of infection (Fig. 4C ). The patient was followed for 2 months, no significant complications, such as cerebrospinal fluid leakage or fever, were observed during the patient's review (Fig. 4D) or follow-up.
Discussion
With the use of welding materials in the construction industry, penetrating brain injury caused by welding electrodes is inevitable, and most of these injuries are industrial accidents. [9] [10] [11] However, in clinical practice, such cases are extremely rare. In this case, the patient had a penetrating brain injury caused by a welding electrode. Before treatment, the author believes that the following considerations are particularly noteworthy: the time the foreign body stays in the brain; the potential for infection by anaerobic or other bacteria carried by the foreign body; and most importantly, whether the foreign body has caused irreversible damage to important functional areas of the brain or vascular nerves. Therefore, it is important to perform an early imaging examination of the brain. In this case, the time from injury to treatment at our hospital was short, and the imaging examination was performed promptly to confirm the anatomical positional relationship of the electrode with the brain parenchyma and other important structures, which provided information for the treatment. Head CT scans clearly showed that no important functional areas or structures were damaged; neuroimaging is crucial in any penetrating head injury. [12] If available, intraoperative CT can be performed to reduce or even avoid secondary surgery due to surgical complications. Due Figure 4 . A, On the first day after surgery, the head CT (computed tomography) scan was reviewed and showed a small hematoma in the left frontal lobe and edema that was more serious. The gas shadow was observed on the plate of the skull adjacent to the left frontal parietal bone and in the intracranial area. B, On the third day after surgery, the head CT scan was reviewed and showed a small hematoma remaining in the left frontal lobe accompanied by edema. The gas shadow was increased compared with the first day after surgery at the skull plate adjacent to the left frontal parietal bone and in the intracranial area. C, The postoperative surgical scar was 20 cm in length. No redness, swelling and exudation. D, A follow-up head CT scan was obtained after the patient was discharged from the hospital. The small hematoma in the left frontal lobe was basically absorbed, and the edema was obviously relieved. While the gas shadow at the skull plate adjacent to the left frontal parietal bone and in the intracranial area was still present, it was partially absorbed. Shi 
Intraoperative CT can display intracranial changes in real time that may not be apparent from the surface anatomy. [13] As such, some authors have suggested that if there is no active bleeding or the patient has clear consciousness at the time, removal of the object penetrating the brain can be delayed, thus allowing a stable clot to form around the object and achieving a certain level of hemostasis. [14] However, in this case, the foreign body was removed as early as possible because a delay would have increased the possibility of infection or formation of a wrapped membranous structure, which would have in turn increased the difficulty of surgical removal.
Therefore, timely surgical removal is a necessary means to reduce mortality. However, in the clinic, the mortality rate is 33% in cases of timely surgical treatment, and this rate increases to 53% in cases of delayed surgery. [15] These mortality rates might be due to clinicians only focusing on removing foreign bodies or harmful substances while ignoring damage caused by foreign bodies to the surrounding brain tissue or skull; [11, 16, 17] clinicians may neglect to thoroughly sterilize the area after removal of the foreign body, such as by flushing with hydrogen peroxide or broad-spectrum antibiotics, or not repair minor dural damage, resulting in cerebrospinal fluid leakage. In this case, as much as possible of the flammable fuel coating remaining in the skull was removed during the surgery. Even if the intraoperative temperature does not reach the ignition point of the fuel coating, it can cause secondary damage due to heat conduction or by promoting infection. Tissue with contusion around the foreign body or possible contamination was removed, as well as the skull fragments. The wound was flushed to eliminate possible pathogens, and the dura mater was closed tightly with tension-reduced sutures. The patient was monitored closely for postoperative fever and cerebrospinal fluid leakage, among other signs.
The complications of penetrating brain injury include local wound infection, meningitis, brain abscess formation, and an increased risk of infection by cerebrospinal fluid leakage. [18] Prophylactic antibiotics can reduce the incidence of postoperative complications and are recommended. However, in the clinic, the administration of antibiotics has come to require the consensus of clinicians. In this patient, vancomycin was used after surgery, and no signs of infection were observed. In addition, the incidence of epilepsy in patient with penetrating brain injury is approximately 30% to 50%. [18] Therefore, prophylactic antiepileptic drugs should be administered in the early stage of the injury to reduce the incidence of posttraumatic epilepsy. The postoperative prophylactic use of sodium valproate is effective for preventing epilepsy.
The dressing of the head wound was changed regularly, and the stitches were removed on time. The patient had clear consciousness and speech when he was discharged, and there was no increase in body temperature or neurological dysfunction. Head CT scans were reviewed regularly after discharge, and no obvious discomfort was observed. The patient was followed for 2 months and showed no cerebrospinal fluid leakage or convulsions. Although open head injuries are prone to serious complications, with timely examinations and foreign body removal, the patient can achieve a good quality of life after surgery. Although penetrating brain injury has a high mortality rate, it can be treated promptly, and neurological deficits can be avoided, with full patient recovery.
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